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INTRODUCTION:  
 

The molecular mechanisms leading to tumor cell invasion and migration after chemokine and chemokine 
receptor interaction have only recently been explored. It has been shown that CXCL12 (SDF-1α) affects the 
growth and the spread of cancer cells through interactions with CXCR4 (1). CXCR4 is expressed by pancreatic 
cancer cells (as well as cell lines) and endothelial cells around tumor lesions (2). Others have shown that 
CXCR4 may influence migration in the peritoneum, a major route for cancer cell spread to lymph nodes (1, 3). 
Indeed, neutralizing CXCR4 Abs significantly impair breast cancer cell metastasis to regional lymph nodes and 
lung (1) and progression of non-Hodgkin's lymphoma in mice (4).  

Studies have also suggested that PCa cells and other neoplasms may use the CXCL12-CXCR4 axis to 
spread to bone (5). Neutralizing the interaction between CXCL12 and CXCR4 with Ab significantly impaired 
PCa cells spread to the bone. However, these interactions alone do not explain the pattern of PCa metastasis, in 
its entirety, or the potential of neoplastic PCa cells to migrate and invade other tissues. We have recently shown 
that PCa cells, but not normal prostatic epithelial (PrEC) cells, express functional CCR9 (6). CCL25 
differentially modulated the expression of MMP-1, -13, -10, -11, and -2, but not MMP-3, -7, -8, -9, -12, or -14 
in PCa cells. Neutralization of CCL25-CCR9 interaction impaired the migration and invasion of the LNCaP and 
PC3 cell lines. We have also confirmed CXCR4 expression by PCa cells and that CXCL12-induces MMP-1, -
13, -2, -9, -3, -10, -11, and -14 expression by PC3 cells, but not PrEC cells (7). 
The ability of PCa cells to metastasize is not limited to mechanisms of motility and invasion. After migration, 
neoplastic cells must first adhere to and then penetrate the basement membrane, invade the interstitial stroma by 
active proteolysis, survive, and proliferate in a “new” environment to complete the metastatic process. Hence, 
this proposal will address an important question of “How does CXCL13-CXCR5 interaction mediate prostate 
tumor cell migration, adhesion and invasion?” This is a fundamental question to understand how we would 
better prevent, diagnosis, and treat PCa. 

It has become evident that tight signal integration between growth factors/chemokines and their receptors, 
cell-cell adhesion molecules, cell-matrix receptors, and intracellular signaling proteins, are required to 
coordinate these properties. A number of kinases have been shown to play a role in leukocyte (as well as cancer 
cell) adhesion, motility and invasion. Chemokine-induced integrin clustering and affinity upregulation as well 
as chemotaxis by lymphocytes via F-actin polymerization and lamelli-podia formation depends on a signaling 
network involving Rac, Cdc42 and Rap (8-11). Rac and/or Rap activity have been linked to the enhancement of 
integrin-dependent adhesion (12, 13). In context, different signal transduction proteins may regulate multiple 
invasion events, including adhesion, de-adhesion, motility, and invasion using pathways such as the Src-ERK, 
FAK/PYK2-ERK, PI3K-AKT, and/or DOCK2-ELMO for Rac and/or Rap activation cascade(s). 

The current dogma for chemokine receptor signaling involves Gαi protein, PI3K, and phospholipase C 
activation that leads to Ca2+ flux required for Src and FAK activation. There is no doubt that PI3K(s) can be a 
key signal after CXCL13-CXCR5 in PCa cells. In this regard, certain isoforms of p110 act to catalyze the 
formation of PI(3,4,5)P3 and subsequent production of PI(4,5)P2 by PTEN or PI(3,4)P2 by SHIP, which leads 
to the activation of AKT(s) and ERK(s) to regulate cell functions including: proliferation, survival, membrane 
trafficking and cytoskeletal structures (14). Four related p110 catalytic subunits of class I PI3Ks have been 
identified in mammalian cells, which have been dived into 2 subclasses – class IA (α, β, and δ) and IIB (γ) (15). 
Inhibition of PI3K(s) by wortmannin prevents the upregulation of CXCL12-mediated integrin firm adhesion 
(16); however the precise PI3K p110 subunits responsible for CXCL13-mediated integrin firm adhesion as well 
as motility and invasion remain unknown. 

Src activity is involved in cell invasion (and possibly motility) through its central role in the scaffolding 
complex of signaling molecules at the focal adhesion signaling organelle (17). Activation by auto-
phosphorylation of FAK (focal adhesion kinase) induces another pathway for motility and/or invasion (17-19). 
PI3K(s), Src, and FAK/PYK2 can also activate ERK(s) for migration, adhesion and invasion (18, 20-23). It has 
been suggested that integrin avidity downregulation on leukocytes appears to be mediated by ERK (16). AKT 
binds to the phospholipids produced by PI3K and recruits this kinase to the plasma membrane, where it is 
activated by phosphorylation. Translocation of activated AKT promotes cell motility in a Rho-dependent 
fashion (24), which has also been shown to be involved in fibrosarcoma cell invasion via MMP-9 expression 
(25). Indeed, over expression of wild type or constitutively active AKT in a human pancreatic cancer cell line 
resulted in enhanced invasiveness as well (26). 

The non-universal role of PI3K in PCa cell motility, adhesion, and motility has important implications for 
the development of new targets against metastatic cancers. While B cell migration seems to be mediated in a 
predominately PI3K-independent and DOCK2-dependent manner, other lymphocytes do not appear to require 
DOCK2 (27). While PI3K and (Src and FAK) events have been shown to play a role in PCa cell motility, 
adhesion, invasion, and survival (28, 29), the role of DOCK2 in PCa progression has not been addressed and the 
precise role of PI3K in CXCL13-CXCR5 mediated events remain uncertain. DOCK2 deficient lymphocytes 
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show no detectable chemokine-induced Rac activation and exhibit poor chemotaxis (30). However, DOCK2-/- 
mice form defined T and B cell zones suggesting a DOCK2-independent pathway for lymphocyte migration and 
integrin activation (31, 32). ELMO-1, -2, and -3 have been shown to interact with DOCK2 in leukocytes to 
mediate DOCK2 recruitment and actin polymerization. Hence, either PI3K-dependent and/or PI3K-independent 
and DOCK2-dependent pathways may be involved in CXCL13-triggered motility, integrin activation, and 
invasion. 
 
 
BODY:  
 
 In this award, we previously mentioned that we would complete specific aim one during first 16 months 
of this grant cycle and specific aim two would be carried out in months 17-36. However, I moved my laboratory 
from Morehouse School of Medicine, Atlanta GA, where this proposal was initially awarded to the University 
of Louisville. It took > 8 months for my new laboratory and office to be completed, i.e., November 1, 2006. 
There were also delays in setting up the laboratory and getting IACUC approval from the University of 
Louisville; IACUC, IBC, etc. protocols were approved by the CDMRP in April 2007. Therefore, we decided to 
conduct some of the aim two experiments from November 1, 2006 to May 9, 2007.  (Aim Two: determine the 
cell-signaling cascades involved in CXCR5-dependent PC3 cell adhesion to human bone marrow, lymphatic, 
and/or vascular endothelial cells). 
 
 Methods: 
 
 Signaling cascades mediated by CXCL13-CXCR5: PC3 and LNCaP cell lines signaling cascades given 
0 or 100 ng/ml of CXCL13 were quantified by FACE assay (fast active cell-based ELISA assay). Fast activated 
cell basted ELISA (FACE™) is a new method to monitor protein activation by phosphorylation and enable 
modification-specific analysis directly within the cell. PCa cells were cultured in 96 wells plate and stimulated 
with CXCL13 (100 ng/ml) for 5 and 10 minutes and un-stimulated cells were used as controls. Medium was 
removed and cells were fixed with 100 µl of 4% formaldehyde in phosphate buffer saline (PBS) for 20 minutes 
at room temperature. After fixation, cells were washed three times (5 minutes each) with 200 µl of wash buffer. 
After washing cells were incubated at room temperature for 20 minutes with 100 µl of quenching buffer.  Next, 
cells were washed two times for five minutes each with 200 µl of wash buffer. After washing, cells were 
incubated for one house at room temperature with 100 µl of antibody blocking buffer. Next, antibody blocking 
buffer was removed and cells were washed with 200 µl of wash buffer and incubated at 4 °C over night with 
40µl of primary antibody (anti-PI3K, -ERK, -FAK, -SRC, or -NF-kB) and antibody dilution buffer was added 
in negative control wells.  After completion of overnight incubation with primary antibody cells were washed 
three times with wash buffer and incubated at room temperature for one hours with 100 µl of secondary 
antibody. Next, secondary antibody was removed and cells were washed three times with 200 µl of wash buffer 
followed by two washing with PBS and 50 µl of chemiluminescent working solution was added in each well 
and red using luminometer within 10 minutes. After reading chemiluminescence, cells were washed twice and 
taped on paper towels to remove excess of liquid and air dried at room temperature for 5 minutes. Next, 100 µl 
crystal violet solution was added in each well and incubated for 30 minutes at room temperature. Crystal violet 
was removed and 1% SDS was added in each well after three washing, and incubated on shaker for one hour at 
room temperature. Absorbance was measured at 595 nm by spectrophotometer. The measured OD595 indicate 
relative number of cells each well and used for normalizing kinases expression. 
 
 CXCL13-mediated αvβ3 and CXCR5 clustering. PC3 cells received no additions (NA), 1 nM of 
pokeweed mitogen A (PMA), 100 ng/ml of CXCL13, 100 ng/ml of pertusis toxin (PTX), and/or 5 nM of 
wortmanin for 0, 5, or 10 min. After staining with PE-conjugated anti-CXCR5 or FITC-conjugated anti-αvβ3 
antibodies, cell were fixed using formaldehyde and cytospin for fluorescence microscopy. 
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 Results:  
 
 Signaling cascade mediated by CCL25-CCR9: Changes in the phosphorylated/active and total PI3K 
(total p85, phospho-Tyr p85), ERK1/2 (total or phospho-Thr202 and -Tyr204 of ERK1 as well as Thr185 and 
Tyr187 of human ERK2), FAK (total or phospho-Tyr 397), Src (total or phospho-Tyr418  kinases and NF-kB 
(total NFkB, phospho-NFkB S536 and phospho-NFkB S536) transcriptional factor were quantified following 
PCa cell line treatment with or without CXCL13. PCa cells (LNCaP and PC3) showed a significant increase and 
temporal increase in FAK, ERK, PI3K p85, Src and NFkB activity after CXCL13 treatment (Figure 1). 
Interestingly, the highest expression of active Src was found in PC3, compared to LNCaP cells, suggesting a 
role for PYK2 in the CXCL13-CXCR5 axis. 
 
 CXCL13-mediated αvβ3 and CXCR5 clustering: CXCL13 treatment of PC3 cells induced both 
CXCR5 and αvβ3 aggregation.  Interestingly, this clustering effect is both PI3K- and Gi protein-independent, 
since wortmanin and pertussis toxin, respectively, did not inhibit this aggregation.  Thus, alternative pathways 
for chemokine receptor activation and integrin clustering for adhesion and invasion are mediated by the 
CXCL13-CXCR5 axis. 
 
 
Key Research Accomplishments: 

• CXCR5 stimulation mediates PI3K p85, ERK, FAK, Src, and NF-kB activation. 

• CXCL13-CXCR5 interaction promotes αvβ3 clustering in a PI3K- and Gi protein- independent manner. 

 

Reportable Outcomes:  
 
Abstract presented at the 2006 American Urological Association Meeting, Atlanta, GA 
 

Conclusions:  

CXCL13-CXCR5 interactions activate PI3K, ERK, FAK, SRC, and NF-kB pathways to support PCa 
progression.  
 
CXCL13-treated PCa cells cause integrin clustering to allow for firm cell adhesion at the source of the CXCR5 
agonist. 
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